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Elesco Economizers offer advantages which 
assure exceptional performance in terms of high 
efficiency of heat transfer, low draft loss and mini- 
mum space requirements. 

They are available in two designs —the acces- 
sible or flanged joint type and the continuous 
loop type. 

The flanged joint type, shown above, is designed 
for complete accessibility and is used where routine 
cleaning and inspection are desirable. This design 
is also applicable to high pressure units and may be 
installed within the setting if desired. 

The continuous loop type has only such joints 
as are necessitated by manufacturing and instal- 
lation limitations, and these joints are of the 
welded type. This design is especially suitable for 
any installation where favorable feedwater con- 
ditions are consistently maintained. It is par- 
ticularly well adapted to modern high pressure — 
high superheat units in which economizer surface 
is often located within the setting. 

The Elesco extended surface consists of steel 

fins welded to the exterior tube surface 
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on either side. This feature, together with the use 
of bifurcated tubes and forged return bends, 
exclusive with Elesco Economizers, offers the 
following specific advantages — 


With flanged joint type— 

1. Fewer joints than any other accessible type economizer. 

2. Three-bolt flanges assure tight joints. Only standard 
tools required. All flanged joints at one end of the casing. 

3. Interior surfaces easily accessible for inspection and 
cleaning. 

4. Allparts readily replaceable. 


5. Only ordinary labor required for erection, maintenance 
and repair. 


With either type — 


1. Minimum space requirement due to an arrangement of 
tubes and fins which permits maximum heating surface 
per cubic foot. 


2. Lowest draft loss for equal gas flow—or higher heat re- 
covery for the same gas flow. 


3. The only extended surface having perfect and permanent 
bond with the tubes insuring efficient heat transfer over 
the life of the economizer. 


4. Negligible accumulation of soot and dust due to extended 
surface comprised of vertical fins. 


5. Forged return bends assure smooth interior surfaces, 
unsusceptible to corrosion; also permit advantageous 
arrangement of tubes. 


6. Arrangement of tubes and extended surface assures more 
effective gas distribution at all ratings, prevents by- 
passing of heating surface and minimizes the possibility 
of clogging and external corrosion. 

7. Double steel casing with enclosed insulation built per- 


manently tight. Hinged doors with clamps. Minimum 
air infiltration. 


(A-379) 





C-E Products Include All Types of Boilers, Furnaces, Pulverized Fuel Systems and Stokers; Also Superheaters, Economizers and Air Heaters 
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FLOWRMBATIC 


* REGUYSLATOR 


Gives you correct water level control on rapid, wide load swings — if you wish, 
a higher level for heavy loads than for light, or a practically constant level for 
all ratings. Gears your feed water automatically to your rate of steam flow. 
Makes your boiler operation safer — more economical. Needs only routine inspec- 
tion to operate dependably, with negligible maintenance costs. Saves time for 
your operators who are free for duties that cannot be done automatically. Backed 
by operating experience with more than 100 steam-flow type COPES Regulators, 
at pressures from 125 to 900 pounds gage. Write today for Circular 409 


which describes and illustrates the new COPES Flowmatic Feed Water Regulator. 
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EDITORIAL 





British Adopt High Pressures 


British utilities now appear to be headed for higher 
steam pressures and temperatures. The lead was taken 
last Fall when two 1900-lb, 940-F Loeffler boilers were 
ordered for the Brimsdown ‘‘A” Station and now, as 
mentioned elsewhere in this issue, plans are being made 
to install two large 1420-lb, 965-F units in the Battersea 
Station of the London Power Company to furnish steam 
to a 100,000-kw turbine-generator. 

The Battersea extension will not be a ‘‘topping”’ in- 
stallation inasmuch as the turbine will be condensing but 
the exhaust of the high-pressure element will be at 600 
Ib, the present station operating pressure, thus affording 
the greatest degree of flexibility. 

The boilers, each of 500,000 Ib per hr capacity, will be 
the largest yet laid down for any British station and it is 
somewhat surprising that they are to be stoker fired. 

Battersea, with 600 lb pressure and 850 F steam tem- 
perature, now leads in the performance of British stations 
with a net thermal efficiency of 29.14 percent. With the 
high-pressure, high-temperature extension in operation 
this performance is expected to be considerably improved, 
and some of our American stations may then have to look 
to their laurels. 


Steam Wins First Round 


After hearings extending over several weeks the Utili- 
ties Commission of Tennessee, in the case of the Tennes- 
see Electric Power Company versus the TVA, recently 
decided that new steam plant capacity at Nashville 
could produce power at lower cost than it could be 
purchased from TVA at the rates proposed. 

The decision was made after testimony had been pre- 
sented by numerous qualified engineering experts and 
was influenced by the facts, that continuity of service was 
better assured from a steam plant located near the load 
center than from long distance transmission lines sub- 
jected to atmospheric disturbances, that the five-year 
contract offered by TVA did not permit of long term 
planning, and finally that the public welfare was better 
served by a steam plant because of the employment 
afforded to miners and others concerned with the pro- 
duction and transporting of coal. 

It is gratifying that a body such as the Utilities Com- 
mission of Tennessee, in an area where TVA has been 
made especially popular, should take a rational view of 
the situation and base its decision on sound engineering 
economics. The case is yet to be passed upon by the 
Federal Power Commission inasmuch as interstate power 
is involved, but the first decision should carry consider- 
able weight, particularly with commissions in other 
states who are likely to be faced, from time to time, with 
rendering decisions between steam power and that from 
Federal hydro projects. 
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Variance in Smoke Ordinances 


The Smoke Prevention Association has just issued its 
1937 Manual of Smoke and Boiler Ordinances which in- 
cludes detailed data relating to the requirements of 
eighty cities in the United States and Canada, classified 
according to population and area covered. Information 
is given in each case as to the smoke enforcement de- 
partments, the methods of measuring smoke, permissible 
density, prescribed penalties for offenders, inspection of 
equipment and regulations relating to the emission of 
cinders and fly ash. 


A study of the tabulated data reveals that in the ad- 
ministration of the ordinances, building departments top 
the list with smoke bureaus, departments of public safety 
and health departments following in the order named. 
Also, a few are scattered among the fire, police and boiler 
inspection departments. Provision is made in about 
a fourth of these cities for engineering advisory boards. 

The Ringlemann Chart, despite its inadequacy be- 
cause of the influence of stack diameter, is specified in 
seventy-five per cent of the ordinances as the means for 
measuring smoke, and in nine cases the umbrascope is 
used. The remainder depend upon the eye of the in- 
spector. A wide variation exists in the periods during 
which stacks are permitted to smoke. These periods 
vary from no time allowance at all to thirty minutes 
in an hour when starting new fires, but from three to six 
minutes within an hour appears quite general. Penalties 
for violations range from one dollar to five hundred dollars 
and imprisonment for habitual offenders is provided in 
about half the cases, one city going so far as to prescribe 
a maximum of a year. 

Supervision of new installations and alterations to 
fuel burning equipment is required in forty-nine of the 
cities and thirty give attention to the discharge of cin- 
ders and fly ash, as well as smoke. Fifteen of these re- 
quire some form of dust collectors or precipitators and 
in a few smoke indicators, visible from the operating 
floor, are specified or recommended. 

The wide discrepancies and important omissions in the 
provisions of many of these ordinances seem inexcusable. 
While the need for stringency in smoke abatement may 
vary with the locality, research and experience have 
established certain basic facts and there are available 
excellent model ordinances which could be adopted, with 
slight modifications, to fit almost any case. As to en- 
forcement, it is recognized that local municipal con- 
siderations often determine the body or department that 
is to function. However, while the effects of atmospheric 
pollution may fall within the scope of public health or 
safety, its prevention is wholly an engineering problem. 
It is gratifying, therefore, to note a trend toward placing 
these matters more generally in the hands of engineers. 
Another encouraging aspect of the situation is the in- 
creased number of voluntary installations of cinder and 
ash arresting systems among the newer plants. 
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MARCUS HOOK PLANT of 


American Viscose Corporation 


This new 450-lb plant, consisting of 
three 125,000-lb per hr, oil- and pulverized- 
coal-fired steam generating units and six 
extraction-type condensing turbine-gen- 
erators, producing current at frequencies 
of 60 and 150 cycles, supplies power, steam, 
hot water and refrigeration in the manu- 
facture of rayon. It replaces an old low- 
pressure boiler plant and purchased elec- 
tricity at an estimated saving of $300,000 
per year. 


NE of the several manufacturing plants of the 
American Viscose Corporation is located at Mar- 
cus Hook, Pa., where a large output of rayon is 

produced by the Viscose process. In this process vast 
quantities of steam and hot water are required and an 
uninterrupted supply of power, free from surges or volt- 
age fluctuations, is imperative. 

Prior to the installation of the new 450-lb power plant, 
electricity at 60 cycles was purchased at 2300 and 11,500 
volts and distributed over two-phase, four-wire circuits. 
Nearly 40 per cent of this was used for high-frequency 
generation through induction- and rotary-type fre- 
quency changers. The steam requirements were met 
by seven 823-hp box-header boilers operating at 150 Ib 
pressure without superheat. Part of this steam was 
used for driving the refrigerating machines, for auxili- 
aries and for chemical recovery evaporators; and the 
remainder, after passing through pressure-reducing 
valves, was employed for process and, in winter, for plant 
heating. A considerable portion of this low-pressure 
steam was piped to hot water heaters scattered through- 
out the plant for supplying hot water used in process. 

Early in 1935 it became apparent that large savings 
could be effected through replacement of the existing 
boiler plant by modern units, operating at a pressure 
sufficiently high to generate the power requirements with 
extraction turbines and to establish a desirable heat 
balance between steam and power demands. It was 
therefore decided to build an entirely new power plant, 
an exterior view of which is shown on the cover of this 
issue. 


New Plant Studies 


Accordingly, a detailed study was made of operating 
conditions and load demands in order to determine the 
number, size and type of boilers, the size and type of 
turbines, operating pressures and temperatures, and feed- 
water conditioning methods for which the equipment 
should be designed. Answers to these questions were 
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By HARRY A. KULJIAN 
Consulting Engineer, Philadelphia 


necessary before arriving at final figures setting forth 
the advantages to be gained in economy and reliability. 

To determine the size of boilers and turbines, steam- 
flow charts for water heating and also the quantity of 
electricity used at the high-frequency machines were 
taken from information compiled in the Company’s 
engineering office over a considerable period. The 
winter steam demand of the plant is more than double 
that of the summer, due to heating requirements, but 
at this season the refrigeration load, mostly for air con- 
ditioning, is less than half that required during the sum- 
mer. This necessitated a study of the steam and electric 
demands, on a thousand-spindle basis, throughout the 
year. The ratio of the average power steam to process 
steam was found to be of the order of 90,000 to 250,000 
Ib per hr. 

Studies of three different boiler pressures were made, 
namely, 900, 600 and 450 lb, in order to determine the 
amount of electricity that could be produced per pound 
of steam by expanding in the turbine from the initial 
pressure to 175-lb extraction, 20-lb extraction and a 28-in. 
vacuum. By a similar procedure the boiler and turbine 
capacities were determined. 


Conditions Selected 


The steam conditions finally selected as best fitting 
the requirements were 450-lb gage design pressure (415 
Ib operating at the superheater outlet) and 700 F total 
steam temperature. Since the steam demand was ap- 
proximately 250,000 Ib per hr, three 125,000-lb per hr 
boiler units were chosen. This provided for two boilers 
to handle the load with the third serving as a spare. 
Had two larger units been selected, each would have had 
to be of sufficient capacity, namely, 250,000 Ib per hr, to 
carry the load singly with the other as a spare, since 
continuity of full steam supply was absoluteély necessary. 
The three-unit plan therefore offered lower initial cost, 
greater flexibility in operation and at the same time 
provided ample reliability. 

For supplying electricity, three 3000-kw, 60-cycle and 
three 2000-kw, 150-cycle G.E. turbine-generators were 
selected. As in the case of the boilers, this permits the 
load to be carried on two 60-cycle and two 150-cycle 
machines, with one of each serving as a spare. The 60- 
cycle units bleed at 175 lb and at 20 lb for process, the 
former steam first passing through a desuperheater. 
Steam at this pressure also supplies the steam-driven re- 
frigerating machines. The 150-cycle units bleed at 20 lb 
only. The 20-lb steam which reaches the mill at 15 Ib is 
used in driers, stoves, etc., and for heating in winter. To 
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make up the required amount of steam for process at ex- 
traction pressure and temperature when the turbines are 
not fully loaded, there is a live steam connection from the 
boilers to the 20-lb line, which is equipped with a de- 
superheater of 80,000 Ib per hr capacity. A smaller 
desuperheater is also installed on the 175-lb line to the 
high-pressure heater. All the turbines run condensing 
and triple-effect evaporators are installed for makeup. 
The single-line flow diagram, Fig. 3, affords a conception 
of how the various services fit into the heat balance of 
the plant. 

With the condensing cycle as employed in most central 
stations the latent heat of the steam, except that ex- 
tracted for feedwater heating, is lost to the circulating 
water. But ina plant having requirements such as those 
of the Viscose Company, the latent heat in the steam 
going to the condenser is not all lost, for the quantity and 
temperature of the plant’s hot water demand determine 
the vacuum to be maintained at the condenser. Whereas 
the hot water demand in the winter formerly required 
125,000 Ib of steam, with the present layout this steam 
demand is eliminated through storing heat in the circu- 
lating water in the reservoir during the night and this 
warm water is then pumped as needed for the next day’s 
operation. Thus, the thermal efficiency of the plant is 
greatly improved. 


Another interesting problem in a plant such as this is 
the generation of high-frequency current. With the 
former setup, if the Company required 4000 kw of high- 
frequency current for the spinning load, approximately 
25 per cent was lost during conversion from 60 cycles to 
the required frequency. However, with the present 
arrangement, not only is this conversion loss avoided, 
but it is possible to generate any frequency desired by 
merely changing the speed of the turbine. Hence, if in 
the future the Company should decide to increase or to 
decrease the frequency, this can be done by changing 
the spring of the governor mechanism on the turbines. 
Previously, when power was purchased, the electrical 
load was about 9250 kw, about 40 per cent of which was 
converted to high frequency. But, by eliminating the 
conversion loss, the electrical demand has actually been 
lowered for the same production output. 


Whereas, previously, the refrigerating machines were 
all steam driven, only two are now so driven, for regula- 
tion purposes, and the others are motor driven. The 
refrigeration capacity for air conditioning is 1200 tons. 
This load is heavy during the summer when there is no 
heating demand but light during the winter when the 
heating is heavy. Thus, one serves to balance the other. 

The estimated savings with the new plant over the 
old arrangement are around $300,000 annually. 





Fig. 1—Boiler room of the Marcus Hook plant 
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Fig. 2—Flow diagram showing steam distribution 
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Steam Generating Equipment 


The boiler house contains three 
125,000-lb per hr Combustion Engi- 
neering, four-drum, bent-tube boilers 
designed for 450 lb but operated at 
415 lb, 700 F at the superheater out- 
let. They are equipped to burn either 
pulverized coal or oil, for which pur- 
pose the furnaces are provided with 
C-E Type R pulverized coal burners 
and ‘‘Enco”’ oil burners of the steam- 
atomizing type. Each unit has an 
Elesco superheater and a C-E tubu- 
lar air heater designed to supply 
air at around 400 F. 

The furnaces are completely water 
cooled except for a small amount of 
refractory around the burners. Fin 
tubes are employed on the front and 
side walls, as well as the roof, and 
plain tubes on the rear wall and bot- 
tom slag screen. The furnace is de- 
signed to burn either high- or low- 
volatile coal or oil and it has been so 
proportioned that the heat release 
will not exceed 25,000 Btu per cu ft 
when the unit is delivering 150,000 Ib 
of steam per hour with a feedwater 
temperature of 258 F. 

Raw coal is delivered to a track 
hopper from which it passes through 
a reciprocating feeder onto an in- 
clined belt conveyor, over a magnetic 
pulley and then to a crusher, bucket 
elevator, scraper conveyor and into 
the coal bunker. From the bunker 
it passes over Richardson scales to 
the coal feeders and thence to the 
pulverizers, there being two 4-ton per 
hr C-E Raymond bowl mills per 
boiler. These are arranged so that 
either may supply the two burners in 
the furnace. The raw coal handling 
system is electrically interlocked in 
such a manner that in case of fail- 
ure of any of the driving motors, the 
motors toward the reciprocating hop- 
per drive will drop off in sequence. 

Oil is purchased from the Sinclair 
Oil Company, nearby, and delivered 
to the Viscose Company’s tank 
through a 6-in. line. The dual firing 
equipment will afford the Company 
an opportunity of selecting either 
type of fuel, after comparing the 
cost of steam generation with each, 
and to take advantage of price fluc- 
tuations in either fuel. 

Each steam generating unit has 
two cyclone-type fly ash precipitators 
for use when coal is burned. When 
using oil they will be bypassed. All 
of the fly ash and dust from the 
cyclone collectors, air heater hop- 
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pers and furnace bottom is conveyed by means of a 
sluicing system to an ashpit in the yard. After settling 
and draining in the pit the ash will be picked up by a 
clam-shell bucket and loaded into trucks. The ash 
handling system has not yet been put into operation 
inasmuch as the plant has been running on oil. 


Combustion Control 


At present two of the boilers are equipped with Smoot 
combustion control. As the load changes the speed of 
the coal feeder is varied by the combustion control 
through a rheostat on the field of the de driving motor. 
The speeds of the forced- and induced-draft fans are ad- 
justed through hydraulic couplings. In addition to this 
the outlets of the American Blower fans have adjusting 
dampers to take care of instantaneous fluctuations. 


Water Purification 


When laying out the plant considerable study was 
given to the subject of water treatment owing to the 
condition of the Delaware River water, the requirements 
of the new steam generating units and to the fact that 
nearly 25 per cent makeup is required throughout the 
year. The old boiler plant contained two zeolite soft- 
eners which were re-conditioned and moved into the new 
plant to supply soft water for makeup preparation. 
Triple-effect evaporators have also been installed in the 
new plant. These take live steam at boiler pressure and 
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Fig. 4—Plan of boiler house and turbine room 
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the vapor from the third stage is connected to the 20-lb- 
line supplying the mill. Condensate from the first-, 
second- and third-effect drains is passed through heat 
exchangers into an overhead tank from which the pure 
makeup water is fed into a surge tank, then to a deaerat- 
ing condenser, the discharge line from which is adjusted 
from a float in the deaerating heater. The water is then 
picked up by the boiler feed pumps. The water is first 
deaerated to zero oxygen and then treated for main- 
taining a carbonate-sulphate ratioof3to1l. Itis checked 
for pH which is maintained between 8 and 9. The con- 
centration of solids in the boilers is held to 2500 ppm. 


Fig. 3—Section through boiler house and turbine room 
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The FLOW of STEAM in PIPES 


By F. M. VAN DEVENTER 


Assistant Chief Engineer, 
Walworth Company, Inc., New York 


A discussion of some of the problems 
involved in determining the economic size 
of steam piping to use, together with the 
essential formula and a chart, based on 
a modification of the Babcock formula, 


employing the latest steam table values. 


ance of steam is essentially an economic problem. 

If the pipe is too small, it may fail to deliver the 
required quantity of steam, or if it is used to deliver 
steam from boilers to prime movers, excessive pipe fric- 
tion may adversely affect the steam consumption of the 
prime mover, and consequently the cost of operation. 

Excessive friction can be avoided by selecting a rela- 
tively large pipe; but then a second factor enters the 
economic problem. The larger the pipe, the greater the 
investment required for pipe, joints, valves, fittings, 
hangers or supports, insulation and labor for erection. 
The higher investment involves proportionate annual 
costs for interests, maintenance, depreciation or ob- 
solescence, insurance and other fixed charges. 

The economic problem then is the determination of 
that pipe size which effects a compromise between the 
two general factors so that the sum of the fixed charges 
on the pipe line (and all other affected equipment) and 
the operating costs for transportation of the fluid (and 
operating costs of other affected equipment) shall be a 
minimum. When possible to forecast the useful life of 
the equipment and probable extent of use (use factor) 
these costs should cover such total life. More commonly 
however, they are predicated upon an annual basis. 

Kelvin’s Law (also called Thompson’s Rule), while 
originally proposed for the selection of electrical con- 
ductors, can be applied to piping economics by stating 
it thus: “The economical pipe size is such that an 
incremental increase in size would be accompanied by a 
plus increment in fixed charges equal to, and offset by, 
the value of the minus increment in operating costs.”’ 
However, since commercial pipe sizes increase, not in- 
crementally, but by inches or fractions thereof, it is more 
convenient to solve the problem as follows: 

First, make a conscientious guess as to the probable 
economical size. Then make a parallel analysis of the 
fixed charges and operating costs of the system for one or 
two sizes smaller and larger than the assumed value. 
That size which indicates the minimum composite value 
of fixed and operating costs is the economic selection. 


Ges of te of the proper pipe size for the convey- 
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Regardless of the method used, a rational analysis 
must involve the cost evaluation, and therefore the 
determination of the friction or pressure drop of the 
flowing steam. 

The chart and formula here presented are intended to 
assist the designer in the determination of pressure drop 
in steam flow problems. (The pressure and temperature 
curves of the chart conform to the new Keenan and Keyes 
Steam Tables, published by John Wiley & Sons, Inc., 
N. Y. C.) 


Example 
PROBLEM 
Assume that 300 lb of steam per minute at 140 lb per 
sq in. abs pressure and 600 F flow through a 6-in. standard 
weight pipe. What is the pressure loss due to friction? 


SOLUTION BY CHART 

Enter the chart at the top, at a point representing 140 
Ib abs on the pressure scale. Follow down the curved 
guide lines to the intersection with the 600 F temperature 
line (or 247 deg superheat from the right-hand scale). 
From the intersection proceed vertically downward, first 


VALUES OF FACTOR “F” FOR THE SIMPLIFIED BABCOCK 
FORMULA 


Nominal Pipe Size Standard Weight Pipe Extra Strong Pipe 


1/2 955.1 X 10-3 -051 
3/4 184.7 s 340.8 X 1073 
1 45.7 “s Toea 2 
11/4 9.432 “ 14.67 re 
11/2 on 5.865 “ 
951.9 xX 10-8 1.365 “ 
21/2 351.0 se 493.8 x 10-6 
3 104.7 8 143.2 * 
31/2 46.94 : 62.95 ¢s 
4 23.46 - 31.01 yi 
41/2 12.69 ed 16.58 th 
5 6.854 “ 8.866 “ 
6 2.544 ‘* 3.354 “ 
7 hw ” 1.58 ‘3 
8 587.0 xX 10-9 748.2 Xx 10-9 
9 321, se 389. ni 
10 176.3 203 .6 - 
11 108.0 “0 121.7 
12 68.44 76.41 
13 40.79 45.15 
14 27.92 30.62 
15 19.63 21.39 
17 O. D. 14.30 15.30 
18 O. D. 10.53 11.18 
20 O. D. 5.991 6.293 
22 O. D. 3.577 
24 O. D. 2.354 


to the intersection with a horizontal line representing 
300 Ib per min on the right-hand scale; then follow 
the diagonal guide lines to the right (or left) to the inter- 
section with a horizontal line representing 6 in. on the 
standard weight pipe size scale; then vertically down- 
ward to the pressure loss scale at the bottom of the chart, 
where the result is observed to be 1.0 lb per sq in. per 
100 ft of pipe. 

Five quantities are involved in the use of the chart, 
namely, steam pressure, steam temperature or superheat, 
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rate of flow, pipe size and pressure loss. The chart may 
be used to determine any one of the foregoing data, pro- 
vided the remaining four are known. 


SOLUTION BY FORMULA 
The chart is based upon the Babcock formula: 


3.6 wL 
- = 0.0001 —— =. 
hi — bh 0.000131 (1 + ) x 
The author suggests the following simplified forms of 
w*F 


the original formula: p = w*VF, or p = D’ 


where p = pressure drop due to friction in pounds per 
square inch per 100 ft of pipe, w is the rate of flow of the 


steam in pounds per minute, V is the specific volume of 
the steam in cubic feet per pound, D is the specific density 
of the steam in pounds per cubic foot, and F is a factor, 
the numerical value of which is a function of inside di- 
ameter of the pipe (d in inches), with which the formula 


Its value is 0.0131 X oe. 
Values of factor F for nominal pipe sizes are presented 
in the accompanying table. 


Choice of Formula 


The Babcock formula was selected for presentation 
after a comparison with several others, namely, the 
general flow formula, Fritzche and McAdams and Sher- 
wood. 


constant is combined. 
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STEAM FLOW IN POUNDS PER MINUTE 


-WALWORTH COMPANY ~'937 
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PRESSURE LOSS IN LB. PER SQ. INCH PER IOO FEET 
Chart for determining pressure drop of steam flowing in pipes 


The pressure and temperature curves conform to the values in the new Keenan and Keyes Steam Tables and the chart and formula are a part of similar data 
prepared by the author for inclusion in the Engineering Data Section of the forthcoming General Catalog of Walworth Company. 
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The general flow formula recognizes the effect of 
viscosity, diameter and velocity on the friction factor, 


and is therefore considered the most accurate. However, 
the inclusion of these factors complicates the use of a 
chart based thereon. Furthermore, the pressure drop 
indicated by Babcock is in reasonably close agreement 
with the general flow formula for pipe sizes of 4 in. and 
larger. With smaller pipes Babcock indicates pressure 
drops from zero to 40 per cent higher. 

The Fritzche formula is preferred by some designers 
in the high pressure range, since the pressure drops indi- 
cated by it are closely corroborated in high-pressure 
superheater performance. If Fritzche is correct, then 
Babcock indications are from 20 to 50 per cent high in 
that range. 

The McAdams and Sherwood formula indicates pres- 
sure drops consistently higher than the others for pipe 
sizes above 4 in. In general, the Babcock formula is 
midway between Fritzche and McAdams. 

In view of the foregoing, the author recommends the 
use of the Babcock formula and chart presented here for 
pressures below 500 pounds. At higher pressures, the 
indicated pressure drop may be reduced 15 per cent for 
2-in. pipe, 30 per cent for 6-in. and 45 per cent for 12-in. 


pipe. 





Feedwater Treatment and Steam 
Purification at Rochester 


In a paper on “Rehabilitation of Station No. 3 of the 
Rochester Gas & Electric Corporation,’ presented at the 
Erie Meeting of the A. S. M. E. on October 4, R. H. Boas 
outlined how the feedwater problem with practically 100 
per cent makeup had been solved. 

Rehabilitation of this station is being made in several 
steps, the 1935 extension! consisting of a 250,000-Ib per 
hr boiler supplying steam at 650 lb, 750 F to a 6000-kw 
topping turbine exhausting to the existing 200-Ib tur- 
bines equipped with jet condensers. This was practi- 
cally duplicated in 1936 and in addition the old 7500-kw 
low-pressure house turbine-generator was replaced by a 
new condensing machine. As the two 6000-kw topping 
turbines supply sufficient exhaust for the existing low- 
pressure machines and steam sendout, the 1937 extension 
provides for a third boiler unit of the same size and type 
supplying a 25,000-kw, 3600-rpm turbine-generator ex- 
hausting to a surface condenser. The program further 
provides for a fourth 250,000-Ib per hr boiler to be in- 
stalled within the next two years to serve as a spare. 
The total capacity of the station will be 102,000 kw. 

With the raw water supply obtained from the Genesee 
River, which is heavily contaminated with domestic and 
industrial waste, and with such high makeup, the two 
major problems in connection with the new high-pressure 
units were a satisfactory system of feedwater treatment 
and provision for steam purification. 

The feedwater treatment adopted to cope with these 
severe conditions consists of double softening, first by 
lime and soda in an intermittent system, now being 
changed to continuous, and by phosphate in a hot-process 





1 Described in Comsustion, April 1936. 
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softener, which completes the removal of hardness. The 
softened water is finally filtered through a non-siliceous 
filter medium. Double deaeration is effected, first in the 
reaction tank of the phosphate softener and again in the 
storage compartment of this tank from which the soft- 
ened water is discharged to the filters. A secondary 
dose of phosphate is applied directly to the drums of the 
boiler. 


Scale Formation and Corrosion Eliminated 


Operation of the system to date has been satisfactory 
and scale formation in the boiler, as well as corrosion in 
the boiler, economizer and superheater can be entirely 
prevented. The only difficulty noted was a slight ac- 
cumulation of deposits of tri-calcium phosphate in the 
feedwater regulating valves, but this was partially con- 
trolled by limiting the excess of soluble phosphate in the 
treated water. The hydrogen ion concentration has 
since been increased by means of sulphuric acid and 
this has completely overcome the deposits at this point 
in the system. Some phosphate sludge has accumulated 
in the rear drum and in the tubes feeding the mud drum, 
but the rate of accumulation has been relatively slow and 
no difficulties have developed. No deposits have occur- 
red in the main circulation of the boiler nor in the water 
walls. An inspection after approximately 2000 hr of 
operation indicated that the boiler could be operated at 
full capacity for six months or longer without shutting 
down for washing. There is no indication that tur- 
bining of the boiler tubes to remove scale will ever be 
necessary. 

To insure high availability, with one boiler per high- 
pressure turbine and high makeup, it was necessary to 
preclude superheater and turbine deposits by having the 
best possible degree of steam purification. Following 
extensive investigations and the testing of several models, 
a steam washer was designed, in cooperation with the 
boiler manufacturer. This was located in the drum 
and functioned on the principle of scrubbing the con- 
taminated saturated steam with feedwater prior to de- 
livery of the steam to the superheater. Tests indicated 
that the solids in the steam leaving the boiler ranged 
from 0.3 to 2 ppm and it is probable that the true results 
were actually lower. 

The excellent quality of steam secured by this type of 
washer is even more remarkable than is apparent from 
these figures, considering the concentration of solids 
maintained in the boiler during the test. It was intended 
originally to limit the concentration of boiler water 
salines to 1500 ppm but it was found that 3000 ppm 
caused no difficulty and concentrations up to 6000 ppm 
were carried for short periods without apparent increase 
in solids in the steam. For the present the total solids 
in the boiler water salines will be held to between 3000 
and 3500 ppm. 

In summarizing observations of the steam washing ap- 
paratus at the Rochester plant, it has been found that 
the design assures adequate cleansing of the steam by 
single-stage washing; further, that the basic principle 
of steam washing by this type of equipment is funda- 
mentally sound. There is sufficient evidence, also, to 
demonstrate that the equipment will effect satisfactory 
washing of dirty steam over a wide range of operating 
conditions with a minimum of operating difficulties. 
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STEAM CONTAMINATION-II 


Steam Purification Equipment 


This is the second of three articles of 
the series dealing with the causes, correc- 
tion and measurement of steam contami- 
nation. The first, which appeared in the 
September issue, discussed the causes, in- 
cluding the influence of boiler design, con- 
ditions leading to priming and foaming 
and the effect of dissolved and suspended 
solids. The present article reviews the es- 
sential features of several representative 
types of steam purification equipment; 
and the third, scheduled for the November 
issue, will take up methods of measure- 
ment. This material, in expanded form, 
will appear later in the revision of the 
author’s book, ‘‘Boiler Feedwater Purifica- 
cation,’’ hence all rights are reserved. 


the contamination of steam have been discussed in 

the preceding article. Many of these factors are 
controllable by care in design and operation of the steam 
generating equipment. When the boilers are properly 
designed for the generation of steam at the specified pres- 
sure and rating, and when extreme changes in rating can 
be avoided and the composition of the boiler water con- 
trolled to prevent foaming, steam contamination may be 
reduced to a minimum. However, fluctuating loads and 
other conditions frequently make it impossible to meet 
these requirements, and even where the best control pro- 
cedure is feasible there is always some contamination of 
the steam leaving the boiler. Because of these limita- 
tions and the marked trend to high pressures and tem- 
peratures, supplementary steam purification is rapidly be- 


| HE numerous causes which may be responsible for 


Fig. 1—Steam purifier ——n 
baffles, centrifugal separation an 
change in velocity 
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coming recognized as an essential feature of the design 
and operation of boiler plants. The need for purifica- 
tion is apparent when it is realized that a fraction of a 
part per million of contaminating solids in the steam may 
deposit many pounds of solids in superheaters and tur- 
bines, owing to the high capacity of the steam generating 
units and the necessity for long continued service with- 
out outage of boilers and turbine equipment. 

Many devices for the purification of steam have been 
developed. A complete discussion of all types of me- 
chanical apparatus for this purpose is beyond the scope of 
this article, which covers appliances that may be con- 
sidered as representative of types. . 

Steam purifiers fall into two general groups. The 
first group effects the removal of entrained solids by 
changes in direction of the steam flow, whereby the parti- 
cles are separated from the steam and are removed by 
gravity. The second group provides washing of the 
steam by intimate contact with boiler feedwater. 


Dry-T ype Steam Purifiers 


Fig. 1 shows the construction of a familiar form of 
steam separator which may be installed in the steam 
drum of a boiler by bolting the flanged connection to the 
steam outlet nozzle. In the unit which is illustrated, the 
entering steam must pass through four rows of vertical 
gutter-shaped baffles, placed in a staggered arrangement 
so that the steam describes a path as indicated. The 
steam is split into small ribbons, thus exposing a large sur- 
face to the scrubbing action of the baffles. Because of 


the curvature of the path, a centrifugal separation of par- 
ticles is effected. Expansion occurs as the steam 
emerges from each row of baffles, and the change in ve- 





Courtesy of Blaw-Knox Company 
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locity brings about further removal of suspended particles. 
The steam passes through into a central compartment 
and discharges through the steam nozzle, while the parti- 





Courtesy of Centrifix Corporation 


Fig. 2—Steam separator in drum employing centrifugal ac- 
tion to remove solids and moisture 


cles which have impinged on the gutters are drained into 
a collecting trough at the bottom; thence, they may be 
discharged to the feedwater supply or to waste through 
a suitable trap. Similar equipment is available installed 
in individual units for insertion into a pipe line. 

Another type of steam separator designed to be placed 
inside the steam drum, at the outlet nozzle, is shown in 
Fig. 2. The steam enters the external annular section 
tangentially, through radial blades which impart to it a 
vigorous whirling motion. Centrifugal force drives the 
moisture and solids toward the periphery to a separating 
zone of maximum concentration, and they fall to the 
bottom of the purifier. An upper collecting race is pro- 
vided for particles which rise higher. The water may be 
returned to the boiler drum or discharged outside through 
a trap. 

A receiver-type of steam purifier may be installed 
above the steam drum of the boiler, discharging to the 
superheater inlet. This is illustrated in Fig. 3. The 
steam expands into the separator drum and experiences 
a reduction in velocity which causes part of the suspended 
matter to drop out. The velocity is increased as the 
steam passes through the central nozzle, which directs it 
against a baffle. Moisture is collected by impinging on 
the baffle and by the change in the direction of the flow, 
and the dry steam passes through an outlet located be- 
yond the baffle. The water may be drained back to the 
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Courtesy of Cochrane Corporation 


Fig. 3—Receiver-type steam purifier 





boiler drum if the steam contamination is not caused 
specifically by excessively high concentrations, in which 
event the water is best discharged to waste through a 
trap. The discharge of highly concentrated water in 
this manner automatically provides a supplementary 
blowoff under conditions of high ratings and increased 
carry-over. Because of its large storage space, this sepa- 
rator is especially applicable to stopping slugs of water 
and, like those described previously, may be obtained in 
several forms for installation at any point in the steam 
and water cycle. 

Fig. 4 illustrates a centrifugal separator. The wet 
steam enters through directing vanes which are placed 
around the periphery of the main separating chamber. 
Large droplets are broken up in passing through the vanes 
and the steam is directed against the wall of the chamber 





Courtesy of Hagan Corporation 
Fig. 4—Centrifugal separator in boiler drum 


and is thus given a rotating motion. Centrifugal force 
removes a large part of the moisture, which drains down 
the wall into the bottom of the compartment. After 
impinging on the bottom of the bowl, the steam is di- 
rected upward through the chamber and thence out of 
the nozzle through the steam outlet. It is claimed that 
centrifugal separation of moisture occurs at all points in 
the path which is traced by the steam. Moisture deposit- 
ing on the wall of the upper chamber forms a thin film 
and is unloaded by an ejective effect at the lower edge of 
the wall. The moisture which is collected in the annular 
ring is discharged through a tangential take-off to the 
boiler water or to a steam trap outside the boiler. In 
Fig. 5 is shown a separator of similar design for installa- 
tion in a pipe line. 

The steam purifier, designated as Fig. 6, has ‘‘cartons’’ 
of vanes, to each of which are attached eight semi-tubular 
pockets so spaced that the band of steam makes a sinu- 
ous passage with numerous changes in direction. The 
undulating motion throws the denser particles out of the 
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path of the band, where they are caught in the pockets 
and on other surfaces and drained away by gravity. The 
stream-line flow permits relatively high velocities and 
the size of the unit required for a given steam flow is 
thereby reduced. The pressure drop through the puri- 
fier is also reduced by this construction. Water which 
is separated by the vanes may be drained directly to the 
lower part of the drum, or may be trapped outside of the 
boiler. The purifier elements are readily removed from 
the housing and may be taken apart, if necessary, for 
cleaning. In addition to the boiler drum installation, 
shown in the picture, modifications suitable for pipe-line 
installation are available. 

The working principle of the turbo-steam purifier of 
Fig. 7 is a combination of centrifugal and jet action of 
the steam, making use at the same time of the well-known 
principle of inertia for the elimination of the heavier par- 
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Courtesy of Hagan Corporation 


Fig. 5—Pipe-line centrifugal-type separator 


ticles. The steam enters the apparatus as shown, and 
moves at high velocity through the nozzle A attached to 
the inlet. The end of this nozzle B is rounded off, ending 
in a straight plate. Opposite the nozzle a deflecting 
plate C is arranged, with two or more separating edges. 
This arrangement causes the steam to flow toward the 
outside in a conical stream; besides, the areas are made so 
that the velocity of the steam decreases toward the out- 
side. Water and other impurities are thrown toward 
and glide along the surface of the deflecting plate. They 
are pushed into the channel formed by the deflecting 
plate and the first wedge E above it. As the pressure 
will build up in this channel, only the heavy parts will go 
into the channel. They are pushed over the edge of the 
plate into the receiver below. On the other hand, the 
steam proper will follow the direction given by the 
straight continuation of the flared-out end of the inlet 
nozzle, which acts as a jet apparatus. It will flow to the 
upper chamber and will enter the outlet nozzle at F. 
The impurities not caught by the first wedge E will be 
thrown into the second channel, formed by the second 
wedge D, arranged above the first, but at a certain dis- 
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tance behind it. The sharp edge of this wedge catches 
the water and impurities not caught by the first wedge. 
The shape of the second wedge and the continuation of 





Courtesy of International Filter Company 


Fig. 6—Steam purifier employing cartons of vanes 


the flared-out end of the steam nozzle guide the cleaned 
and dry steam toward the upper part of the apparatus, 
from whence it flows through the outlet nozzle to the 
pipe line. Provision is made so that the separated water 
will not come into the flow of the steam again. The re- 
ceiver itself has two drain connections, the lower for the 
impurities on the bottom, the upper for the condensate. 


Steam Purifiers of the Washer Type 


There are a number of steam purifying devices which 
provide for intimate contact between the steam and the 
incoming feedwater, either by bubbling, spraying or jet 
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; Courtesy of Schutte & Koerting Company 
Fig. 7—Turbo-type combining centrifugal and jet action 
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Fig. 8—Bubble-type washer employing hoods 


action through “contact tubes.’’ It is the purpose of 
this step in the process to absorb, in the feedwater, drop- 
lets of boiler water which are entrained in the steam. 
The moisture in the steam may, of course, be relatively 
high after this process, but instead of the highly concen- 
trated boiler water, it will be much more dilute feedwater. 
The wet steam is then dried, as much as possible, by 
screens or various separating devices, operating on the 
principles of those described above. If this type of puri- 
fication is to be effective, the final wetness of the steam, 
and the concentration of solids in the feedwater, must re- 
sult in lower total solids than the original wet steam. 
It is thus apparent that the final separating process is of 
great importance. The bubble type, spray type and 
“contact tube’’ type of washer will be discussed in the 
order given. 


Fig. 8 shows a bubble-type washer installed in a boiler 
drum. The steam which is liberated in the front drum of 
the boiler enters the washer drum through two rows of 
tubes, A, and flows into the space B, which is separated 
from the rest of the drum by tight baffles. Feedwater 
entering through the perforated pipe D rises in the trough 
and overflows the serrated weir E, maintaining a level 





about 1/4 to !/2 in. above the top row of holes in the 
washer hoods C. The height of the water may be varied 
by adjusting the weir. The feedwater which spills over 
the weir supplies the downcoming circulating tubes at 
the bottom of the drum, the water level being about 6 in. 
below the center of the drum. The steam from the 
space B enters the series of hoods C (see dotted arrows) 
and passes through the perforations, bubbling through 
the water and entering the upper part of the drum. In 
this process the boiler water entrained in the steam is 
absorbed in the feedwater. The wet steam passes 
through a sandwich of wire mesh F and behind the baffle 
leading to the tubes G, which are connected to the satu- 
rated steam header of the superheater. In passing 
through the wire mesh and the subsequent baffle section 
of the drum, the steam is freed of the greater part of the 
moisture acquired in the washing process. Steam wash- 
ers of this type can be installed in one drum of the boiler 
as in this case, or a separate drum can be provided when 
boiler circulation and construction do not lend themselves 
to this type of installation. 

Another bubble-type washer, recently designed, is 
shown in Fig. 9. The washing elements are a series of 
cast-iron trays with vertical sides, to which feedwater is 
supplied by risers from the main feedwater line. In the 
center of each tray, and between adjacent trays, a long 
rectangular aperture, with vertical sides to retain the 
water, provides means of entry for the steam. Each of 
these rectangular openings is covered with a metal hood 
with sawtooth edges, and theangular openings in the hoods 
are submerged below the level of the feedwater. As the 
steam is released from the drum it passes upward through 
the openings in the trays and bubbles out through the 
serrations in the hoods, thus exchanging the highly con- 
centrated droplets of boiler water for moisture in the 
form of feedwater. After rising through the water the 
steam passes through a series of screens designed to re- 
move most of the moisture, and thence is conveyed 
through the steam outlet nozzle or, as in the drawing, 
through tubes leading to the superheater header. 

Illustrated in Fig. 10 is a widely used spray-type washer. 
The incoming feedwater is discharged in horizontal 
sprays, forming a sheet through which the steam must 
pass to reach the outlet tubes. The impact of the verti- 
cal sprays replaces boiler water with droplets of feed- 
water and the wet steam rises through the scrubber ele- 
ments leading to the outlet tubes. These scrubber ele- 
ments are corrugated plates, bolted together with spacers 








Fig. 9—Bubble-type washer em- 
ploying trays 
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Perforated Distribution Plates 4 Steam to Superheater 


Scrubber Element Scrubber Element 
(Corrugated plates) (Corrugated plates) 







Steam and Water 
to Drum 


SECTION A-B 


Courtesy of The Babcock & Wilcox Company 


Fig. 10—Spray-type steam washer 


between them in such a manner that the corrugations of 
adjoining sections overlap slightly and cause the steam to 
take a tortuous path in passing through the channels. 
The large wetted area and the change of direction effect 
the separation of most of the residual moisture, which is 
returned to the feedwater within the boiler drum. 

A steam washer described by the inventor,' as of the 
“contact-tube”’ type is illustrated in Fig. 11. It com- 
prises a separate drum, receiving wet steam from the 
boiler steam drum through the nozzle A, and part of the 
total feedwater through the nozzle B. The incoming 
steam depresses the water level and escapes through the 
contact tubes C, forming a high-velocity jet which car- 
ries the water upward through the tubes in a violent spray 
and assures thorough mixing of the original moisture in 
the steam with the relatively more dilute feedwater. 
The wet steam impinges on the baffle D, eliminating most 
of the moisture, and the steam thus partially dried passes 
around the sides of the baffle into the second compartment 
of the drum, which contains a number of Tracyfier units, 
E. These separate the moisture from the steam, as de- 
scribed, and drain through the seal F to the bottom of the 
drum. The drum is drained through the nozzle G which 
discharges the water back to the boiler. Such moisture 
as is left by the Tracyfiers, in the steam passing to the 
main through H, consists of boiler feedwater of fairly low 
total solid content. 





1W. T. Sherman, Power Engineer, Socony-Vacuum Oil Company, Inc.; 
assignor to Socony-Vacuum Oil Company, Inc.; licensor to the Blaw-Knox 
Company, Inc. 





Effectiveness and Applicability of Steam Purification 
Equipment © 

Several of the dry-type steam separators described 
carry a guarantee based on “Standard Specification 
Steam,” namely, moisture not in excess of 0.2 per cent 
and total solids not in excess of 9 parts per million. 
Actually, the performance may not be limited to the 
specification figures, and may better be measured in 
terms of benefit to general plant operation. In many 
plants the degree of purification obtainable by these de- 
vices may be entirely adequate, and they may be specially 
adapted to overcoming the difficulties that are encoun- 
tered. 

The wet-type steam purifier represents an additional 
step, including a process aimed especially at reducing the 
quantity of solids entrained in the steam, and may be 
required when it is imperative to reduce solids to the 
lowest possible amount. 

Steam washers are a relatively more recent develop- 
ment than dry-type steam purifiers. Some are still in 
the course of development by various manufacturers. 
Operating experience and performance data concerning 
steam washers are not, therefore, as extensive as in the 


TABLE I—PERFORMANCE OF rouS STEAM WASHER INSTALLA- 
TION, 


Steam Generation: Typical Total Solids 


Thou- Boiler 
sand Pres- Boiler Feed 
Plant Ibs./hr. sure Water Water Washed Steam 
A 250 660 3500 230 Less than 1.2 ppm 
B 450 860 1500 35 0.4-0.6 ppm 
¢ 350 620 1700 150 0.5-1.0 ppm 
D 175 400 2500 350 Less than 1.0 ppm 


case of the dry-type equipment. The writer has super- 
vised tests on several steam washer installations, in 
which the soluble solids in the steam were determined by 
electrical conductivity measurements. It is not possible 
to describe the performance of the equipment under all 
operating conditions by a single limiting value for solids 
entrained in the steam, but those presented in Table I 
have been selected from the records as typical. It will be 
noted that the total solids in the washed steam in no case 
exceeded 1.2 ppm. 

Requirements relating to steam quality vary widely, 
depending on the utilization of the steam and nature of 
the equipment. Obviously, the decision as to the neces- 
sity for the use of steam purifiers and the type of equip- 
ment to be installed requires careful consideration of a 
great number of factors which will be specific for each 
plant. It is therefore necessary to carry out an engineer- 
ing study in the field of the difficulties that are encoun- 
tered or anticipated, in order to make an intelligent selec- 
tion of the equipment best suited to correct them. 





Fig. 11—Contact-tube type { 
steam washer \ 
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Ford of Canada 
Expands Power Plant 


A program providing for increased output, lower pro- 
duction cost, and the use of some of the original equip- 
ment without enlarging the building, has been under- 
taken by the Ford Motor Company of Canada, Ltd., at 
its Windsor plant. The immediate project will cost 
about $3,500,000 and provision has been made for fur- 
ther expansion in the future. 

The original power plant consisted of three boilers with 
a capacity of 100,000 Ib of steam per hour at 235 Ib pres- 
sure and 580 F. Space was provided for a fourth boiler. 
Two turbine-generators were used, one having a capacity 
of 10,000 kw and the other 5000 kw. When the present 
program is completed, the electrical generating capacity 
will have been increased to 35,000 kw, and the steam 
generating capacity to 600,000 Ib per hr. The ultimate 
development contemplates a maximum installation of 
45,000 kw and a steam generating capacity of 800,000 Ib 
per hr. The program calls for three new boilers and two 
new turbines, one a topping unit exhausting to the ex- 
isting 10,000-kw machine. 

In determining steam conditions for the new equip- 
ment, The Rust Engineering Company, which is doing 
the engineering, made a study for the present operating 
conditions of 200 Ib and 600 F; also 600 Ib, 725 F; 800 
Ib, 800 F; and 1200 Ib, 900 F, at the turbine throttle. 
While it was evident that increasing the pressure and 
steam temperature would increase the initial investment, 
it was realized that a more economical plant would re- 





sult. The following tabulation gives the principal re- 
sults of this study. 
200 Ib 6001b 8001b 1200 Ib 
600F 725F 800F  900F 
Initial investment in terms of a 200-Ib 
plant 1.00 1.30 1.40 1.70 
Total production cost in terms of 200- 
Ib plant 1.00 0.914 0.877 0.888 


Additional time required to pay off 


increased investment 3.49 yr 3.25 yr 3.66 yr 


It will be observed that the 800-Ib, 800-F plant has 
the lowest relative production cost; also that it would 
require the shortest period to pay for the added initial 
investment. On this basis, 800 lb, 800 F total steam 
temperature, was selected. In addition to the economic 
aspects, an additional reason for selecting the higher 
pressure was that the added capacity could be got into 
the present building. In this space the electrical gen- 
erating capacity will ultimately have been increased to 
300 per cent and the steam generating capacity to 266 
per cent of its original amount. 

To provide the steam, three new CE three-drum bent- 
tube boilers, designed for 900 Ib pressure, and equipped 
with air heaters and economizers, are being installed. 
Tangential firing of pulverized coal is employed. Each 
has a normal rating of 165,000 lb per hr and a peak rating 
of 200,000 Ib or better. ; 

The 5000-kw topping turbine-generator will take steam 
at 800 Ib, 800 F, and exhaust at 175-200 lb, 500—600 F, 
into the existing low-pressure 10,000-kw condensing 
turbine and, in addition, will supply some steam for high- 
pressure process use. A 20,000-kw condensing double- 
bleeding turbine-generator is also being installed. 
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FLEXIBLE COUPLINGS 


The sectionalized view of the POOLE FLEXIBLE COUP- 
LING reveals its simplicity of construction. Note the positive 
gear contact with crowned teeth giving support at their out- 
side diameter where lubrication is always maintained through 
centrifugal force. 


There are no flexing materials to require frequent replace- 
ment. Its Gear Tooth double engagement with spherically 
formed outer faces permits self alignment without binding 
action at any point. 


The POOLE FLEXIBLE COUPLING is suitable to all con- 
ditions of service. It operates equally well in either direction, 
continuous or reversing, and at high or low speeds. Its 
strength is greater in all cases than the connecting shafts. It 


is self contained, symmetrical in design and completely pro- 
tected from dust and dirt. 


Its large area of lubricated surface permits an effectual 


Get the whole story from our handbook, 
“Flexible Couplings.“ A copy will be 
sent without obligation. 


cushioning of torsional shock. The POOLE FLEXIBLE 
COUPLING is a high grade product built by makers of fine 
machinery for more than ninety-four years. 


Poole Foundry & Machine Company 


Baltimore, Maryland 
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This paper describes the high-tempera- 
ture characteristics of a carbon-molyb- 
denum steel which differs from those now 
in general use in that it contains 1.5 per 
cent rather than from 0.5 to 1 per cent 
molybdenum. On the basis of standard 
creep tests and comparative constant- 
loading tests, it is shown that the increase 
in molybdenum content has greatly im- 
proved the load-carrying ability of the 
steel, especially at the higher tempera- 
tures. 


made in the development of low-alloy pearlitic- 

type steels for high-temperature service. Through 
a proper selection of analyses now available, suitable 
combinations of creep strength, oxidation and corrosion 
resistance can be obtained for many applications in 
which formerly only high-alloy ferritic or austenitic steels 
were considered. While certain of these steels are ren- 
dering satisfactory service there is, of course, an ever- 
existing need to obtain steels with even better load- 
carrying ability combined with a higher degree of surface 
stability. Only in this way can the use of the steels of 
this type be further extended to higher operating tem- 
peratures or to more severe conditions under present 
operating temperatures. 

The present paper considers the high-temperature 
characteristics of a 1.5 per cent molybdenum steel in the 
calorized condition. The molybdenum, in this amount, 
provides the strength characteristics while the calorized 
surface produces a high degree of oxidation and sulphur- 
corrosion resistance. In the uncalorized state this analy- 
sis would possess an oxidation resistance no better 
than that of a plain carbon steel ‘and in this condition its 
use would be confined to a maximum operating tempera- 
ture of 950 to 1000 F. When the surfaces are calorized, 
however, this analysis can be used under properly de- 
signed stresses for prolonged service at temperatures up 
to 1200 to 1300 F. 


Material Considered 


The steel used in this investigation was made in a com- 
mercial electric-arc furnace in a charge of 2000 lb. It 
was cast into 100-lb ingots and hot-rolled into "/s-in. 
. bars. The steel was composed chemically of 0.10 per cent 
carbon, 0.28 per cent manganese, 0.12 per cent silicon, 
0.017 per cent phosphorus, 0.016 per cent sulphur and 
1.38 per cent molybdenum. 

The necessary creep, tensile and impact specimens 
were then calorized, commercial equipment again being 


| HE past few years have seen considerable progress 
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A New Low-Alloy Steel for 
High-Temperature Service’ 


By C. L. CLARK, Research Dept. 
University of Michigan 

and 

R. S. BROWN, Vice-President, 
The Calorizing Co. 


used. The calorizing process consists of a series of opera- 
tions, and since these have undergone pronounced 
changes during the past three years, they will be briefly 
described. 


Calorizing Process 


The modern calorizing process consists of two opera- 
tions. In the first, the parts to be calorized are heated 
in closed retorts with the correct calorizing mixture and 
an iron-aluminum ‘alloy is formed on the surfaces. This 
contains from 50 to 75 per cent aluminum but has a depth 
of only 0.005 to 0.010 in. Furthermore, this layer is 
brittle and a distinct line of demarcation exists between 
it and the base steel. Therefore, it will spall off readily 
when subjected to deformation. 

In the second operation, the calorized parts are main- 
tained at a proper temperature for a sufficient period of 
time to cause the alloy initially formed to further diffuse 
into the base steel. The degree of diffusion can be con- 
trolled and the conditions are generally adjusted so that 
the aluminum concentration at the surface is reduced to 
30 per cent, and the depth of diffusion increased to 0.035 
in. Thus, this second operation greatly improves the 
ductility of the surface alloy by decreasing the aluminum 
concentration and by eliminating the line of demarca- 
tion between the base steel and the surface alloy. 

The two heating periods required in the calorizing 
operations will, in general, coarsen the grain structure 
of the base steel. After the completion of calorizing, it 
is necessary to refine the coarsened structure by anneal- 
ing. 


Experimental Results 


Even though a steel may possess a good combination 
of high-temperature characteristics it must also have 
suitable room-temperature properties in order to{permit 
fabrication and installation. Therefore, it is necessary 
to consider both the room-temperature and high-tem- 
perature properties. 

The room-temperature tensile and impact properties 
of the 1.5 molybdenum steel were determined in both 
the calorized and the uncalorized conditions. First, con- 
sidering the uncalorized material, a suitable combination 


* Excerpts from a paper presented at the Fall Meeting of the A. S. M. E., Erie 
Pa., October 4-6, 1937. 
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of strength and ductility was found to exist in both the 
as received (hot-rolled) and the annealed conditions. 
Even though the annealing treatment spheroidized the 
structure, the tensile strength is greater than 60,000 Ib 
per sq in. and the yield stress in excess of 40,000 Ib per 
sq in. The ductility is likewise good, the elongation 
being greater than 35 per cent and the reduction of area 
in excess of 70 per cent. 

In the majority of cases, the calorizing treatment low- 
ered the strength, ductility and impact characteristics. 
Even in the calorized condition, however, this 1.5 molyb- 
denum steel possessed an elongation of 25 per cent. The 
annealing treatment raised the elongation of the calor- 
ized specimens only slightly, but did exert a marked in- 
fluence on the reduction of area, raising this value from 
32.55 to 46.2 per cent. The impact resistance, while 
considerably below that of the uncalorized steel, is good, 
being 57.3 ft-lb. 

Values for calorized specimens with the calorized lay- 
ers removed show that the strength and ductility charac- 
teristics are of the same order of magnitude as the un- 
calorized material. This proves the calorizing to be 
without a detrimental influence on the properties of the 
base steel. 

In order to determine the susceptibility of this steel to 
air hardening, uncalorized cylinders were both air cooled 
and water quenched from a series of temperatures rang- 
ing from 1450 to 1750 F. In the case of the air-cooled 
specimens, the Brinell hardness ranged only from 137 to 
153, indicating that this carbon-molybdenum steel is not 
susceptible to air hardening. 

The creep characteristics of the calorized and heat- 
treated steel (annealed at 1650 F and drawn at 1300 F) 
were determined at 1100, 1150, 1200, 1300 and 1400 F. 
The single-step method of loading was used with four 
different stresses being employed at the two higher tem- 
peratures, and two stresses at the three remaining tem- 
peratures. Each test was continued for 1000 hr. Creep 
characteristics of calorized 1.5 molybdenum steel at 
various temperatures are given in the accompanying 
table. 


CREEP CHARACTERISTICS OF CALORIZED 1.5 MOLYBDENUM 
STEEL AT VARIOUS TEMPERATURES 


Stress for creep rates of 0.01 and 0.1 per 
cent per 1000 hr, Ib per sq in. 


Temperature, At 0.01 per cent At 0.1 per cent 
F per 1000 hr per 1000 hr 
1100 3350 10000 
1150 3150 9400 
1200 2100 7300 
1300 1000 3350 
1400 330 940 


From these values it is evident that the material pos- 
sesses good load-carrying ability at temperatures up to 
and including 1300 F. Its superiority in this respect 
becomes even more evident if comparisons are made with 
other calorized analyses. In comparison with time- 
elongation curves obtained for calorized 1.0 molybdenum 
steel under similar stresses at 1000, 1100 and 1400 F, it 
is apparent that the increase in the molybdenum content 
from 1.0 to 1.5 per cent has greatly improved the creep 
strength, 


Applications 


In general, the calorized 1.5 molybdenum steel has 
been used, thus far, for tubes, rods and bolts. There are 
two partial installations of radiant superheaters and for 


34 





one of these a most satisfactory operating report has been 
received. 

There is- one installation of liquid-phase cracking of 
very heavy cracked residuum oil heated to 1030 F with 
the unusually high rate of heat input of 18,000 Btu per sq 
ft of surface per hour, which makes for high tube-wall 
temperatures. 

Another installation is used to heat petroleum vapor 
under pressure to 1400 F. 

A quantity of calorized 1.5 molybdenum rods of 1/2 in. 
diameter are in use to suspend insulating refractory 
brick (running through a hole in the brick) in an oil-still 
roof. 

A heat-treating furnace for annealing brass and copper 
tubes uses 3 in. O.D. X 9 gage X 4 ft long calorized 1.5 
molybdenum tubes suspended between two rows of alloy 
chain. The tubes to be annealed are carried through 
the furnace on the calorized tubes which serve as a slat 
conveyor. 

None of the calorized tubes are adaptable to present 
designs of convection superheaters due to the impossibil- 
ity of making either forged return ends or the very sharp 
return bends required. Radii of four to five times the 
tube diameter, used in radiant-superheater design, may 
be made in the calorized tube without injury to the sur- 
face alloy if bent hot. 

The calorized molybdenum tube may be rolled into 
headers without damage to the calorized surface inside. 
The ends of the tubes are usually prepared by light grind- 
ing which removes about one-half the calorized surface, 
thus reaching the more ductile alloy at the junction. 
By the use of specially coated rods of 25 per cent chro- 
mium and 12 per cent nickel, seal welding may be done on 
calorizing, but, if it is not necessary to make the weld 
oxidation-resisting, a less expensive job can be done by 
grinding off a band of calorizing around the tube where 
the bead is to come. 





Obituary 


Herman Diederichs, dean of engineering at Cornell 
University, died on August 31 at the age of sixty-four. 
Since his graduation over forty years ago he had 
taught at that University continuously. Prior to his 
appointment as dean last year to succeed Dexter 
Kimball, retired, Professor Diederichs had been head 
of the department of experimental engineering and 
later director of the Sibley School of Engineering. 
He was the author of several books on mechanical 
engineering subjects and had long been a member of 
the American Society of Mechanical Engineers as well 
as several other engineering societies. 


John J. Brady, long associated with Combustion 
Engineering Company and for some years past con- 
nected with its Boston district office, died on September 
17 at the age of sixty-seven. Born in Baltimore, 
Mr. Brady received his engineering education at the 
Maryland Institute of Engineering. He was a member 
of the American Society of Mechanical Engineers and 
of the Engineers Club of Boston and had a wide 
acquaintance in engineering circles. 
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STEAM ENGINEERING ABROAD 


As reported in the foreign technical press 





Performance of British Stations 


Figures on the output and performance of British 
power stations during 1936 have just been made available 
by the Electricity Commissioners. Unlike previous re- 
ports which were based on gross electricity generated, the 
present figures are based on net output of the stations 
which, incidentally, makes them comparable with Ameri- 
can practice. 

With a total output of over 21 billion kilowatt-hours, an 
increase of nearly 14 per cent over 1935, and 442 stations 
reporting, the average fuel consumption was 1.57 lb per 
net kwhr. This is not far above the figure of 1.46 for 
American stations. 

Battersea Station of the London Power Company, 
with an output of 996,000,000 kwhr and 60.8 per cent 
load factor, led in performance with 0.97 lb per kwhr, 
corresponding to a thermal efficiency of 27.68 per cent. 
No other station was below 1 lb per kwhr although this 
performance was closely approached by Dunston B which 
showed a thermal efficiency of 26.87 per cent. There 
were 22 stations which showed under 1.5 lb per kwhr. 

Of the total output reported by the 442 stations, 90.6 
per cent was generated by 258 stations and 95.6 per cent 
was produced by steam. 


Russian Program Calls for Large 
Forced-Circulation Boilers 


According to Sovetskoe Kotloturbo-stroenie (Soviet 
Boiler and Turbine Construction), the 1937 power pro- 
gram for Soviet Russia provides for new construction ag- 
gregating 1,300,000 kw capacity, of which the greater part 
will be supplied by large once-through boilers of the Ram- 
sin forced-circulation type operating at 2000 lb pressure 
and 900 to 932 F total steam temperature. Nineteen 
such units are involved, as well as seven others. One 
Ramsin boiler of 440,000 lb per hr capacity has been in 
commercial service at Moscow since December 1933. 
This was described in ComBusTION of October 1936 and 
consists of four tube banks of radiant heating surface sur- 
rounding the furnace, followed by convection surface con- 
sisting of a superheater, economizer, reheater and air 
heater. Tubes of 1 '/, in. diameter, increasing to 2 */3 
in. at the exit, are employed in the radiant section. De- 
signed for pulverized coal, the unit has thus far been op- 
erating on oil. 

Although several Continental designs, such as the La 
Mont and the Velox have been investigated, and two 
330,000-Ilb per hr Loeffler boilers at 1850 Ib pressure are 
in operation, the Central Boiler and Turbine Institute has 
developed its plans around the Ramsin design, the ab- 
sence of large heavy drums being important from the 
standpoint of Russian production facilities. The once- 


through forced-circulation design also affords economy in 
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metal, as compared with conventional drum-type boilers 
in that, according to Professor Ramsin, there are practi- 
cally no lightly loaded tubes and the positive character of 
the forced circulation leads to a greatly increased rate of 
evaporation per square foot of heating surface. 

Because of their higher efficiency, reciprocating boiler 
feed pumps are being employed with these boilers. The 
pumps, however, require a floor space nearly equal to that 
of the boiler. 


High Pressure and High Temperature 
for Battersea Extension 


The Battersea Station of the London Power Company, 
with a present installed capacity of 243,000 kw, operates 
on the straight regenerative cycle with steam at 600 Ib 
and 850 F total temperature. According to Engineering 
of September 17, 1937, plans for a further extension to 
this station are now under way which call for one, and 
later two, 500,000-lb per hr boilers to operate at 1420 Ib 
pressure and 965 F total steam temperature. These 
units will be fired by multiple-retort stokers and will be 
provided with large water-cooled furnaces designed for a 
low heat release per cubic foot, two-stage superheaters, 
air heaters and economizers. Feedwater will be supplied 
at 400 F instead of 340 F as with the present units. 

Steam at 1350 Ib and 950 F will be supplied to a 100,000- 
kw turbine-generator, the high-pressure section of which 
will comprise a 16,000-kw single-cylinder unit run- 
ning at 3000 rpm. This will exhaust at 600 lb to the 
78,000-kw main low-pressure unit with a 6000-kw house 
generator running at 1500 rpm. The exhaust from the 
high-pressure unit will be cross-connected with the pres- 
ent 600-Ib steam mains so that it will be possible to op- 
erate either the high-pressure or the low-pressure units 
independently. Feed heating will be effected on the 
closed circuit system, the four high-pressure heaters be- 
ing designed for 1700 lb on the water side. 

Inasmuch as one boiler of 500,000 Ib per hr capacity 
would not provide enough steam for the 100,000-kw tur- 
bine-generator, it is presumed that, until the second boiler 
is installed, the deficiency in steam for the low-pressure 
turbine will be taken from the 600-Ib station main. 


Piping Materials 


Writing in Die Warme of June 26, 1937, H. von Jur- 
gensonn states that practice in Germany is to avoid the 
use of nickel in alloys as much as possible and to favor 
chromium and molybdenum alloys, particularly for high- 
pressure piping and fittings. He specifies as typical of the 
current trend for pressures of 1200 to 1700 lb, copper- 
molybdenum steel for temperatures of 850 to 930 F and 
chrome-molybdenum for temperatures of 930 to 960 
F. Above this, chrome-silicon steel is recommended. 
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@ 1—STIC-TITE does not shrink. 100 lbs. applied wet 1” thick over 
a 50 sq. ft. surface dries to same thickness—same area, without 
cracks. No other insulating cement can do that. 


2—STIC-TITE has a lower heat conductivity—higher insulating 
efficiency over a wider temperature range than any asbestos in- 


sulating cement. 


3—STIC-TITE is indestructible, reclaimable, easy to mix, apply 
and finish smooth no matter how large, small or intricate the sur- 
face. STIC-TITE is adhesive—it sticks tight to the metal or re- 


fractory surface and saves the heat. 


Send for the New Stic-Tite Bulletin 


REFRACTORY & INSULATION CORPORATION 


381 FOURTH AVENUE 





IMPORTANT FACTS 
YOU SHOULD KNOW 


ebout STIC-TITE 


PLASTIC INSULATION 





NEW YORK, N. Y. 











Enco Fuel Oil Pumping and Heating Systems 





A steam-electric system for high duty service. 
Capacity 400,000 pounds of steam per hour. 


The heart of every oil burning plant is the 
oil pumping and heating equipment—it 
must not fail. 


ENCO systems are designed above all for 
dependability. Relief valves and automatic 
controls for pressure and temperature are 
used so that the oil is delivered to the 
burners with safety and at the proper 
temperature and pressure for efficient 
burning. 


Duplicate pumps and heaters are used, 
each of full capacity. These are intercon- 
nected so that operation is obtained with 
any combination of pumps and heaters. 


If desired, systems having screw or rotary 
pumps with motor or turbine drive can 
be furnished. 


The finished product is a complete ma- 
chine, ready to place on foundation and to 
receive the pipe connections. 


Write for Bulletin OB-37 


THE ENGINEER COMPANY 
17 Battery Place, New York, N. Y. 
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Some Failures of 


Vertical Superheaters' 


By F. MARY 


in a pulverized-coal-fired boiler plant operating at 

570 Ib per sq in. and 840 F total steam temperature. 
The boilers, although of different makes, are all of the 
bent-tube three-drum type, and their superheaters con- 
sist of numerous elements arranged vertically and con- 
nected with inlet and outlet headers (see Fig 1). 

Since the installation was put in operation a large num- 
ber of the superheater tubes have failed. In fact, there 
was a time when rarely a month passed without two or 
three such ruptures occurring. These failures usually 
necessitated immediate stoppage of the boiler to reduce 
to a minimum the possible damage caused by the steam 
jets escaping from the ruptured tube. These failures 
were not always of the same character, but may be classi- 
fied in three categories as follows: 


| ia: following observations concern the superheaters 


1. Excessive and continuous heating of certain ele- 
ments 

2. Scale formation in the superheater 

3. Intensive localized superheat taking place during 
the starting up period 


The most frequent failures were those falling within the 
first group, the ruptures in the tubes occurring near the 
outlet header. The appearance of the rupture in most 
cases indicated that the metal had been heated to a very 
high temperature, that it had lost its tensile qualities and 
had been deformed under the influence of pressure before 
breaking open. However, nothing in the appearance of 
the metal distinguished the damaged elements from the 
neighboring tubes, which precluded the assumption of 
local defects. 

Calculations showed that over the length of a clean su- 
perheater element the temperature of the metal remained 
near that of the steam. In fact, for the steam velocities 
used the heat transfer constant between tube wall and 
steam averaged forty times that between the gas and the 
tube wall. It seems, therefore, that the temperature dif- 
ference between metal and steam could not exceed 45 
deg F near the outlet end of an element. 

Under these conditions an abnormal heating of the end 
portion of a tube could not take place without excessive 
superheating of the steam at the tube outlet. Therefore, 
it was assumed that certain elements delivered steam into 
the header at a temperature much higher than the aver- 
age superheat indicated by a thermometer placed near 
the steam outlet valve. To check this assumption and 
to study the distribution of steam temperatures at the 
outlet of certain elements, a number of thermo-couples 
were placed on the tube ends outside of the gas stream and 
near the outlet header. The readings, which were made 
by means of a potentiometer, showed considerable dif- 





t Translated from the French by H. R. Taube. 
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This translation from the June special 
number of ‘Bulletin Technique du Veritas”’ 
gives the results of investigations made to 
determine the cause of numerous tube fail- 
ures in vertical superheaters having both 
inlet and outlet headers. It was discovered 
that certain elements delivered steam into 
the header at a temperature very much 
higher than the average superheat indi- 
cated, in some cases as much as 270 deg 
higher with increased boiler output. Un- 
equal distribution of boiler tubes over the 
width of the furnace and lack of uniform- 
ity in the amount of steam passing 
through the elements with this type of 
superheater were contributing factors. 
Incrustation of the tubes near the inlet 
header, despite the boilers being fed with 
distilled water, was responsible for other 
failures. 


ferences in the temperatures of different tubes. These 
differences amounted, under certain conditions, to 270 
deg F and more. Fig. 2 shows typical curves of these 
readings. From numerous data thus obtained it was pos- 
sible to make the following general deductions. 

1. The temperature at the outlet of the superheater 
elements decreases always from the end of the superheater 
to its center. The temperature differences between the 
extreme elements and those in the center are, all other 
conditions being equal, greater, the smaller the diam- 
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Fig. 1—Arrangement of vertical superheater 











One unit of a Buell Fly-Ash Collector installation 
in a prominent Eastern Public Utility plant 


BUELL FLY-ASH 
COLLECTORS 


are demonstrating high efficiency in the field 
of nuisance elimination 


High collection percentage 
Low resistance 
Reasonable installation cost 


Actual performance records show a separa- 
tion of above 90 per cent for particles of 
20-micron size; 98 per cent for 40-micron; 
and 99.5 per cent for 60 micron. 


Field test data resulting from over 100 
time-tried installations are available for 
proving what may be accomplished with 
stoker-firing or pulverized fuel. 


The Buell Collector can be incorporated 
in new plant design or added to existing 
plants at modest cost, and at surprisingly 
low maintenance and operating expense. 


Our Service Engineers will advise you to 
your best interests and will suggest possi- 
bilities that may be too important to neglect. 
Every Buell installation is individually en- 
gineered and the performance is guaranteed. 
We invite permission to study your problem. 


Buell Engineering Company, Inc. 


Engineers of Dust Collector Equipment 


Main Offices: 70 PINE STREET, NEW YORK 
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eter of the inlet and outlet headers, and the smaller the 
pressure losses in the elements. 

This is due to the fact that in this type of superheater 
the amount of steam passing through the different tubes 
is not uniform. In fact, it is the difference in the static 
pressures (in the directions normal to the walls) in the in- 
let and outlet headers which determines the amount of 
steam passing through each element. This pressure dif- 
ference varies in different portions of the superheater. It 
would be constant only if the dynamic pressures were con- 
stant over the whole length of the header; in other words, 
if each header had a section which was either very large 
or decreasing progressively from the end to the center for 
the inlet header and from the center to the end for the 
outlet header. In fact, these headers have a constant 
section, so that the velocities and dynamic pressures are 
greatest at the ends and nil at the middle in the inlet 
header, whereas the opposite is the case in the outlet 
header. 

It might be mentioned here that in one boiler an at- 
tempt was made to correct this defect by inserting, in the 
inlet header of the superheater, diaphragms of variable 
sections distributed over its whole length. The results 
were rather disappointing, because the variations in the 
static pressure in the immediate proximity of an orifice in 
a thin plate were necessarily great and caused local distur- 
bances in the distribution of steam in the different super- 
heater elements. 

It is also evident that the relative influence of varia- 
tions of static pressure on the distribution of the steam is 
smaller the greater the pressure loss from friction and 
change of direction in the superheater elements. 

2. To the foregoing factors are added the effects of 
unequal distribution of the tubes over the width of the 
boiler. Wider tube spacings make possible an increased 
flow of furnace gases and, therefore, result in higher steam 
temperature at the outlet of the elements. This is espe- 
cially noticeable in elements adjacent to the gaps left for 
the passage of the circulating tubes, connecting the two 
upper boiler drums. To these points correspond neces- 
sarily the peaks of the curves of distribution of tempera- 
tures. The temperatures may, however, be considerably 
decreased by obstructing the gaps by baffles. 

3. The curve of distribution of temperatures at the 
outlet end of the tubes retains its character even if the 
average superheat varies because of changing load, varia- 
tion of the temperature of feedwater, etc., but the am- 
plitude of the differences increases rapidly if the average 
superheat increases. The curves show that the differ- 
ences are more accentuated if the boiler output increases. 
These curves, Fig. 2, explain the tube ruptures falling un- 
der the first category. These ruptures appeared regu- 
larly in points corresponding to a maximum on the curves. 
Modifications undertaken after these tests had been car- 
ried out, and which consisted principally in a change of the 
distribution of the tubes and in the installation of baffles 
in certain points, completely stopped such tube failures. 
Excellent results have been obtained, particularly in one 
of the boilers, by crowding the elements in the ends of the 
superheater and by increasing the spacing in its central 
portion. 

A second kind of failure observed in the same installa- 
tion was due to incrustation of the superheater tubes. 
The ruptures here appear near the inlet header. The 
damaged elements usually did not show any bulging, but 
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Fig. 2—Curves showing distribution of superheat tempera- 
tures in relation to tube spacing 


their inside surface was covered by a layer of scale which 
sometimes was several millimeters thick at the place of 
of the rupture, and which diminished in the direction of 
the steam flow, disappearing after several feet. This 
was the more remarkable, because the boilers were always 
fed with distilled water, and because the boiler water was 
only slightly alkaline and did not contain any traces of 
soluble salts. The incrustation consisted almost entirely 
of calcium hydrate originating doubtlessly from the de- 
composition of the calcium carbonate contained in the 
boiler water. 

After long research it was decided to control the water 
level in the front drum, depending on the rating. Tests 
showed that below continuous rated capacity of the boiler 
(which was 150,000 Ib per hr) not only was the drum 
practically full of water, but also that a part of the steam 
circulating tubes was filled with water. In accordance 
with these observations, a continuous control was applied 
of the salinity of samples of the condensed water in the 
inlet header. The results revealed a rapid increase after 
the rating had passed 130,000 lb per hr. By comparing 
the results of these two observations it becomes clear that 
carryover of water took place as soon as the level in the 
front drum exceeded a certain height. 

The author does not think, however, that this was a 
case of priming, due to a reduction of the water level, but 
a mechanical carryover of water drops from the rear drum 
which contains the steam outlet, and that one should as- 
cribe this phenomenon primarily to the abnormal part 
played by the upper circulating tubes after a certain rat- 
ing had been exceeded. The excessive rise of the water 
level in the front drum can be =xplained only by the in- 
sufficient area of the total cross-section of the lower cir- 
culating tubes. It might be remarked that the normal 
boiler of the same type contained a greater number of 
these tubes, but the designer of this particular unit had to 
reduce the number in order to provide a sufficient num- 
ber of superheater elements to obtain a total steam tem- 
perature of 840 F, Under normal operating conditions this 
change would have caused grave troubles. Only due to 
exceptional care in the preparation of the feedwater and 
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Feed water heaters 
made’ HEAT-TIGHT”’ with 


EAGLE Super "66" 





Boiler feed water heaters insulated with Eagle Super “‘66". Union Electric 
Light & Power Company, St. Louis. (Eagle Super “66” is also recommended 
for steam headers, turbines, boiler drums, flanges and fittings.) 


Improved Plastic Insulation 
trowels easily on large irregular surfaces 


@ Experience proves that Eagle Super “66” is far more satis 
factory, far more efficient for boiler feed water heaters than 
other types of insulation. 

Just mix Eagle Super “*66” with water and it’s ready to trowel 
on toanyrough or smooth surface. 1oolbs. covers 60 sq.ft. 1-inch 
thick. This high coverage with minimum shrinkage makes appli- 
cation economical. Durability keepsmaintenanceextremely low. 

Eagle Super ‘‘66"" gives maximum efficiency for temperatures - 
as high as 1800°— 100% reclaimable up to 1200°. Write today 
for free sample and complete specifications. 


THE EAGLE-PICHER LEAD COMPANY « Cincinnati, Ohio 





Eagle-Picher offers a complete line of efficient 
Insulating Materials for Power Plants. See 
catalog in Sweet's. 


EAGLE © 
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A Better Way to SEE 
Your Boiler Water Level 


































As easy to read as 
black and white—this Re- 
liance Prismatic Water 
Gage insert. Extra safety 
because of high visibility. 

And extra safe con- 
struction. Glass is heat- 
treated and extra tough; 
no danger of flying frag- 
ments. And the Reli- 
ance clamping method 
holds the glass firmly 
without strain, without 
risk when pulling the 
nuts up tight. 

For boiler water level control at a 
glance and safety for boiler attendants, 
equip with Reli- 
ance Prismatics. 
Write for illus- 
trated folder. 








W-363 Column 
No. 9 Prismatic insert... 

installed at Rhode Island State 
Hospital, Howard, R. |. 


A_ Reliance 
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(Patented) 
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THE GRIP THE GLASS . . . 
TIGHT, BUT WITHOUT STRAIN. 

















THE RELIANCE GAUGE COLUMN CO. 


5902 CARNEGIE AVE. CLEVELAND, OHIO 


Qt6 ih U.S PAT. OFF. 


Relianée 


WATER GAGE HEADQUARTERS 








strict avoidance of leakages in the condensers were these 
defects limited to incrustation of the superheater. It was 
comparatively easy to stop all carryover of water by 
installing deflectors in the rear drum in front of the 
orifices of the upper circulating tubes. 

As to the cause of ruptures of superheater tubes during 
the starting up period, these cases presented some pecu- 
liarities. They appeared in different points which ap- 
parently had no connection with the maxima of the tem- 
perature curves. On the other hand, the ruptures were 
localized in the upper part of the superheater, but not 
necessarily in the last bend before the outlet header. 
Moreover, the observed bulging reached large proportions 
before bursting. 

During stoppage of the boiler, the superheater cooled 
rather quickly, especially when the draft, due to leakages 
in the damper, was considerable. The superheater func- 
tioned like a still and the boiler produced steam which 
condensed in the superheater, filling it completely with 
water. When the boiler was started up again, the fire 
was not intense and the flow of the combustion gases re- 
mained in the place of the burners in service. Under 
these conditions the heat transfer in the superheater was 
not uniform over its total width. In consequence, the 
water could stay longer in the elements which were less 
heated. 

It might be remarked that the steam flow through the 
superheater was limited by its escape through a blow-off 
valve, so that the pressure difference between inlet and 
outlet headers was insufficient for evacuating the water 
reaching a height of several meters in the superheater ele- 
ments. This water formed a real hydraulic seal prevent- 
ing the flow of steam through these elements. While the 
heat to which these tubes were exposed was not sufficient 
to effect a quick evaporation of the water in the elements, 
on the other hand, the upper part of the tubes which did 
not contain water could attain very high temperatures, 
particularly in cases when they were exposed to radiant 
heat. We have been able to observe tubes which had be- 
come cherry red during the starting up period. It is evi- 
dent that under such conditions a low pressure was suffi- 
cient to cause a bulging and rupture. 

These facts were confirmed by troubles which could 
not be explained otherwise, such as the untimely func- 
tioning of the steam check valves which close on the boiler, 
and considerable excess pressures in certain boilers during 
the starting up. These phenomena occurred when the 
amount of water in an element was sufficient for being 
thrown out by the pressure difference between the inlet 
and outlet of the superheater. If this water came in con- 
tact with the overheated part of the tube it evaporated, 
instantly creating a sudden excess pressure which caused 
the deplacement of the water contained in adjacent ele- 
ments, so that the steam production increased very rap- 
idly within a limited section. As this steam could not 
immediately escape through the blow-off valve it flowed 
toward the boiler and produced a certain rise of pressure. 

We do not know any simple means for doing away com- 
pletely with these troubles. One can conclude from these 
observations that superheaters with seamless steel tubes 
are able to withstand very high steam temperatures pro- 
vided the distribution of the heating fluid, the steam, and 
the heat transfer over the length of the superheater ele- 
ments can be made uniform over the whole width of the 
superheater. 
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EQUIPMENT SALES 


Boiler, Stoker, Pulverized Fuel 


as reported by equipment manufacturers of the 
Department of Commerce, Bureau of the Census 











Boiler Sales 
1937 1936 1937 1936 
Water Tube Water Tube Fire Tube Fire Tube 
No. Sq Ft No. $4 Ft No. Sq Ft No. Sq Ft 
Jan.. 53 261,368 57 287,855 64 83,389 23 24,954 
Feb.. 206,957 76 408,635 71 87,083 47 50,094 
Mar..... 142 758,733 77 325,479 149 210,233 53 47,411 
yO ae 333,169 66 339,413 73 67,937. 74 97,401 
ay. 113 589,347 63 328,872 82 129,782 69 92,403 
une. 76 330,524 145 533,703 76 99,335 104 131,764 
uly.... 82 348,417 111 510,324 80 98,258 74 99,479 
BEcoee 270,646 121 534,525 106 136,401 85 117,834 
Jan. to 
Aug. In- 
clusive.... 649 3,131,596 716 3,268,806 701 912,418 529 661,340 
Mechanical Stoker* Sales 
1937 1936 1937 1936 
Water Tube Water Tube Fire Tube Fire Tube 
No. -- No. Hp No. H No. H 
i ccanes 63 25,278 24 10,657 141 21,786 139 16,840 
45 16,591 30 11,693 120 650 98 13,567 
a 80 38,074 28 10,250 179 24,709 105 14,605 
BEB svicoces 72 37,185 56 30,686 154 23,064 99 12,844 
 PECTee 65 26,327 36 16,742 137 21,443 150 21,326 
eee 49 19,787 58 27,546 186 26,627 186 23,171 
Moceceve 79 29,207 81 31,603 251 34,253 255 35,615 
ra 5 21,998 98 34,308 394 53,096 336 45,960 
Jan.to Aug. 
Inclusive.... 511 214,447 411 173,485 1,562 225,628 1,368 183,928 
* Capacity over 300 Ib of coal per hour. 
Pulverizer Sales 
1937 1936 1937 1936 
Water Tube Water Tube Fire Tube Fire Tube 
No. Cap. No. Cap. No. Cap. No. Cap. 
Lb b Lb Lb 
N.t E.t Coal/Hr N.t E.t Coal/Hr N.tE.t Coal/Hr N.f E.t Coal/Hr 
Jan.... 35 7 554,900 16 4 235,500 — 2 1,700 — 1 1,000 
Feb... 2 6 8,300 9 8 165,100— 4 00 — 7 7,700 
Mar... 59 3 677,440 10 6 135,300 1 1 2,000 — 1 800 
See... 24 1 £257,100 35 3 639,050 — 2 1100 — 1 1,200 
ay.. 22 — 800 22 1 188,900 — — = — 1 1, 
June... 15 — 99,150 24 7 196,100 — — _ 3 3 10,400 
July... 5 6 44,250 813 158,150 — — _ _-_ — 
Aug... 815 211,400 1811 304,500 — — —_ — 2 800 
Jan. to 
Aug.In- 
clusive 170°38 2,217,340°f142 53 2,022,600 1 9 8,400 3 16 22,900 





N—New boilers E—Existing boilers. 
Not including 5 new boilers for storage system. 
® Not including 167,000 lb coal /hr for storage system. 
ua mores as a result of correspondence correcting data for February and 
arch, 





R. E. Dillon, for some years past, superintendent of 
the Generating Department of the Boston Edison 
Company, has recently been made vice-president in 
charge of production. 


A. L. Cole, plant engineer of the Light and Power De- 
partment of Regina, Canada, has resigned to become 
superintendent of the Saskatchewan Power Commis- 
sions plant at Saskatoon. 


COMBUSTION—October 1937 


McNeill Remote 


Boiler Water 


Eye Level Gage 


NO WATER CARRY-OVER 
NO BURNED BOILERS 









A GAGE FOR 
EVERY PRESSURE 
STATIONARY 
AND MARINE 


Salient 
Features 


l. May be located wher- 
ever most convenient of 
observation, near by or far 
removed from the boiler. 
Many are installed on the 
boiler - room instrument 
panel. 


2. Overcomes all of the 
old difficulties of poor illu- 
mination and uncertainty 
of water levels viewed from 
a distance. 


3. Gages may be in- 
stalled on groups of boilers 
so that all may be read 
from any position in the 
firing alley. 


4. The indicating glass 
does not erode nor deterio- 
rate with use; mainten- 
ance cost is therefore prac- 


The McNeill Gage tically nil. 
Note the clear line of de- : 5. Safety of operation 
marcation of the black in- is greatly increased by 


dicating fluid by which 
the gage may be read ata 
e angle range. 


having the knowledge of 
the water level unmistak- 
ably before the operator 





who controls the fire. 


We also manufacture the Eclipse Smoke Indi- 
cator Systems of all types and arrangements— 
periscopic, photo-electric and both in combina- 


tion. Write for bulletins on McNeill Products. 
INEERING 
T. W. McNEILL ou1ement co. 


4057 W. VAN BUREN STREET, CHICAGO, ILL. 
4l 














CONTROL 
EQUIP- 
MENT 


with 
a 5 YEAR 
GUARANTEE 


LONG RANGE SLIDE COMPARATOR 


Consists of a complete Slide Comparator; any 2-7 
additional color standard slides; vials of the corre- 
sponding indicator solutions, with pipettes; 14-5cc 
test tubes; all contained in wooden carrying case. 
For complete pH control of boiler water, the Model 
T-4, containing the indicators phenol red (6.8-8.4), 
meta cresol purple (7.6-9.2) phthalein red (8.6-10.2) 
and acyl red (10.0—11.6) are required. 
All color standards guaranteed for 5 years. 
Model T-4 complete, $47.50 
Phosphate Slide Comparator, for phosphate control, $17.50 
Combination T-4 and phosphate set, $57.50 


Modern pH and Chlorine Control 

A 54 page handbook containing a simple explanation of pH 
control, its —— application to numerous problems, de- 
scriptions of our equipment for colorimetric pH, ‘chlorine and 
phosphate control, also the Coleman Glass Electrode, sent 
free on request. 


W. A. TAYLOR & CO., INC. 
872 Linden Ave. Baltimore, Md. 

















goo 
BLOWE RS 








... are readily meeting high tempera- 
ture conditions without makeshift in 
design, material or parts. The sound 
and proven principles of the Vulcan 
valve operating head, bearings and 
elements guarantee operating econo- 
mies which make both the annoyance 
and cost of frequent servicing un- 


necessary. 


VULCAN 
SOOT BLOWER CORPORATION 


DUBOIS, PENNSYLVANIA 














CHRONILLOY ELEMENTS 


HOW MUCH IS IT COSTING you to 
maintain the SOOT CLEANER ELE- 
MENTS in the HIGH TEMPERA- 
TURE positions of your boilers? Here 
is an element sold with an 18 
MONTHS SPECIAL UNQUALI- 
FIED SERVICE GUARANTEE. 








COST MORE? Yes, but THE BAYER COMPANY cheap imitations may be of- 


WHAT SERVICE LIFE! 4067 Park Ave. 


BALANCED VALVE-IN-HEAD 


FIRST QUALITY IN DESIGN, 
WORKMANSHIP AND MATERIAL. 
Back of this IMPROVED SOOT 
CLEANER HEAD lies years of study 
to make it trouble free and give de- 
pendable service day after day. 
Analyze before you buy as 


St. Louis, U.S.A. fered. 











The original inverted bucket 





small size. Only two moving 
parts, nothing to adjust, noth- 
ing to collapse. Forged steel traps for high 
pressures. mpound traps for extra large 
capacity. Blast traps for fast heating. Ask 
for catalog. ARMSTRONG MACHINE WORKS, 
814 Maple St., Three Rivers, Mich. 


ete 





ARMSTRONG STEAM TRAPS 


trap. Non-airbinding and self- *‘A Trap for Every Purpose 
scrubbing. Big capacity with —The Line Is Complete!” 


aa 
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Effect of Corrosion and 
Reversed Torsional Stresses 


There are many conditions of service under which 
parts of machines or structures are expected to with- 
stand completely reversed cycles of stress while exposed 
at times to the action of corrosion. A study of the local- 
ized stresses produced in holes or fillets under such con- 
ditions has recently been made by Thomas J. Dolan at 
the Engineering Experiment Station of the University 
of Illinois, the results of which are reported in Bulletin 
No. 293 issued by that Station under title of ‘“The Com- 
bined Effect of Corrosion and Stress Concentration at 
Holes and Fillets in Steel Specimens Subjected to Re- 
versed Torsional Stresses.” 

Three different kinds of steel were tested, namely, 
a low-carbon steel (S.A.E. 1020), a rail steel, and a 
chrome-nickel alloy steel (S.A.E. 3140), the alloy steel 
being tested as received (hot-rolled) and also in a heat- 
treated condition. 

The general conclusion reached was that the corrosive 
effect of water on the specimens having holes and fillets 
decreased the torsional fatigue strength of all the steels 
tested below that of the same material tested in air. 
The additional damaging effect of the corrosion was 
greatest for the chrome-nickel heat-treated steel and was 
noticeably greater for the specimens having holes than it 
was for those specimens having fillets. For the low- 
carbon steel the damaging effect of the corrosion was al- 
most negligible. 

The values of the torsional fatigue stress concentration 
factors in the small laboratory specimens were below the 
theoretical values. 

















FTER removing the end cover and the pump half of the coup- 


ling, the three moving parts of a De Laval-IMO pump can 
at once be drawn out of the casing. There is no need to disconnect 
piping or motor, and alignment is not disturbed. Valves and gears 
are absent and there is but one packing, which is subject to suction 
pressure only. De Laval-IMO pumps can be coupled directly to 
electric motors or to high speed members of other machines. Ex- 
tensively used for continuous heavy duty pumping of all grades 
of fuel, lubricating and other special oils. Ask for Catalog I-28. 


DE LAVAL STEAM TURBINE COMPANY 


© Frudon, Vew Jersey 











G-E TURBINES 






Five Years of SERVICE 
43,000 Operating Hours 


Low Total Maintenance 
100 Per Cent Reliability 


M ORE than five years ago this G-E turbine was 


selected as the most dependable and economical 
means of driving the boiler draft fan in a large 
Eastern manufacturing plant. Today, the unit’s 
record stands at more than 43,000 operating hours. 
The turbine has never caused an interruption 
in plant operation. Maintenance charges have 
been low. 


GIVE 


~ 


GENERAL {% 


SERVICE LIKE THIS 





This 90-horsepower G-E turbine has never been out 
of service during plant operation 


We know that performance like this will interest 
you. A turbine specialist from your nearest G-E 
office can render valuable assistance in determining 
the needs of your plant. He can give you full de- 
tails of G-E equipment and service. Or write 
General Electric Company, Schenectady, N. Y. 


ELECTRIC 
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High Pressure 
GAGE GLASS 


GASKETS 
“They — out” 


—SPECIFY— @ 
ERNST HIGH 
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WATER GAGES 








ERNST WATER COLUMN & GAGE CO. 
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ERNST & 
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YARWAY SEATLESS BLOW-OFF VALVES 
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Send for Celluloid Working 
Model and Catalog C-417 


YARNALL-WARING CO. 
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